Summary In this study, reverse transcriptase polymerase chain reaction was used to amplify human endothelin receptor A (ETA) and ETB receptor mRNA. A truncated ETA receptor transcript with exons 3 and 4 skipped was found. The skipping of these two exons results in 109 amino acids being deleted from the receptor. The truncated receptor was expressed in all tissues and cells examined, but the level of expression varied. In melanoma cell lines and melanoma tissues, the truncated receptor gene was the major species, whereas the wild-type ETA was predominant in other tissues. A 1 .9-kb ETA transcript was identified in melanoma cell lines by Northem blot, which was much smaller than the transcript in heart and in other tissues reported previously (4.3 kb). 
Endothelins (ETs) are a 21 amino acid peptide family and consist of three members. endothelin 1 (ET-1). endothelin 2 (ET-2) and endothelin 3 (ET-3) (Inoue et al. 1989) . In addition to acting as strong vasoactix e peptides. they are potent mitocens for a Xaniety of cells and play an essential role in the development of tissues and cells derived from the neural crest. including melanocytes. The links between ETs and many human diseases. such as cardiac ischaemia. asthma and pulmonary hypertension. renal injuries. cancers and some genetic disorders. have been established. The functions of ETs are mediated by their receptors. Two ET receptors. endothelin receptor A (ETA) and endothelin receptor B (ETB). have been characterized in humans and other species (Arai et al. 1990 : Hosoda et al. 1991 : Ogawa et al. 1991 : Sakurai et al. 1990 ). Both receptors belong to the G-protein-coupled receptor superfamily. containing seven transmembrane domains and signalling, through an intracellular Gprotein. The sequences of ET receptors are highly consen ed. especiallv in the transmembrane domains and intracellular loops. There is 90% homology at the amino acid level within ETA or ETB receptors across species barriers. and over 60% homology between human ETA and ETB. The typical FTA receptors have equal binding affinities for EIF-1 and ET-2 but much lower affinities for typical ETB receptors have equal binding affinities for all three ET peptides. Howexer. studies have shown that many pharmacological effects cannot be attributed to stimulation of either ETA or ETB receptors (Bax et al. 1993 : Mombouli et al. 1993 : Riezebos et al. 1994 . suggestinc other types of ET receptors or ET receptor xariants exist. This studs was aimed at detecting ET penicillin (100 U ml-') streptomycin (100 ige ml-') in an incubator with 5% of carbon dioxide supply in air.
Methods

RNA preparation
Total RNA was extracted from frozen tissues or cultured cell lines with the single-step RNA extraction method (Chomczynski and Sacchi. 1987 ). The quality of RNA was evaluated by checkincg the integrity of 28S and 18S ribosome bands after electrophoresis. The concentration of RNA samples was measured by combining optical densitv at 260 nm and staining, intensity and comparinga these with to determine the selectivity of human ETA receptor (Sakamoto et al. 1993 : Becker et al. 1994 . We. therefore. set reaction 3A to amplify this 'functional re-ion'. Another two reactions were set to amplify the 5' part (4A) and the 3' part (5A) of the cDNA of the receptor respectively. The RT-PCR reactions and pnrmers used are listed in Table 1 .
Similar strategies were used for ETB primer design. The primers were designed according to the published human ETB receptor cDNA (Ogawa et al. 1991) . human ETB receptor genomic DNA sequences (Arai et al. 1993) and Genbank DNA sequencing data (L06623 for human ETB cDNA. X57764 and S65355 for rat ETB cDNA. D90456 for bovine ETB). Reaction l B was performed using primers from the most homologous regions of human ETA and ETB: reaction 2B. using primers from the most homologuous reDgions among human. bovine and rat ETB. Because the transmembrane domain IV-VI plus intervening loops are important to the selectivity of human ETB receptor (Sakamoto et al. 1993 : Becker. 1994 ). reactions to amplify this functional region were performed (3B). Two further reactions were performed to amplify the 5' region (4B) and the 3' region (SB) of the ETB receptor cDNA. The RT-PCR reactions and primers used to amplifv ETB are listed in Table 2. RT-PCR procedure Total RNA (3 jg) was reserse transcribed with 100 U of Superscript II in 20 gl reaction volume. First. total RNA was mixed with 0.5 go oligo(dT),, primers. The mixture was heated to 70°C for 10 min and quickly chilled on ice. Then DNA sequencing analysis PCR products or plasmid DNA containing cDNA inserts were sequenced using an ABI377 automatic sequencer. Products were sequenced in both directions. DNA sequencing reactions were performed using a Cycle Sequencing kit containing fluorescencelabelled terminators, and sequencing data were obtained using an ABI377 automatic sequencer and analysed with Sequence Navigator software.
Northem blot analysis
Total RNAs from heart sample (20 jg). melanoma cell lines (80 jg) and poly(A)+ RNA (1 jg) from melanoma cell lines were separated on denaturing glyoxal-DMSO gels and transferred onto Hybond-N membrane. Prehybridization was carried out in a prehybridization solution containing 50% formamide. 6 x SSC. 5 x Denhardt's. 0.5% sodium dodecyl sulphate (SDS) and 100 jg mlF salmon sperm DNA at 42 C for 2 h. followed by hybridization at 42CC for 20 h in prehybridization solution supplemented with 'P-labelled full-length ETA cDNA coding region.
After hybridization, the membranes were washed with 0.1 x SSC/O.lc SDS for 20 min once at 45 C and twice at 65°C. and then exposed to high-sensitivity films for 3-7 days at -80°C.
Expression of ETA in CHO cells
Truncated and full-length wild type ETA cDNA coding region. amplified by RT-PCR. was subcloned into the neogene containing expression vector pLNCX (Miller and Rosman. 1989 
RESULTS
Detection of truncated ETA by RT-PCR
All RT-PCR reactions for ETA produced DNA fragments of the predicted sizes: 731 bp for reaction 1A: 803 bp for reaction 2A: 606 bp for reaction 3A: 1164 bp for reaction 4A and 922 bp for reaction SA. In addition to the expected bands. a second weaker band about 300 bp smaller than the expected band can be seen in reactions IA. 2A. 4A and 5A (Figure 1 ). All PCR products were recovered from the agarose gel using the Geneclean fII Kit (Bio 101. USA) and sequenced. Direct sequence analy sis demonstrated that the main bands from each reaction were the predicted human (Hosoda et al. 1992) . The absence of exon 3 and exon 4 will result in deletion of this area from the encoded protein ( Figure 7 ). This transcript has been described previously (Miyamoto et al. 1996) . (Giros et al. 1991 ) and 5-hydroxytryptamine (5-HT) receptors (Canton et al. 1996) . (Sakamoto et al, 1993; Adachi et al. 1994; Becker et al, 1994) . The absence of the region encoded by exons 3 and 4 will result in the lack of part of the functional region. Our binding studies demonstrate that absence of this region resulted in loss of binding affinity for the ligand ET-1.
A previous study showed that split fragments at any intracellular or extracellular loop (except at the first intracellular loop) of a G-protein-coupled rat muscarinic acetylcholine receptor were incorporated into the plasma membrane but the binding affinities for its ligands was lost, suggesting that plasma membrane insertion of G-protein-coupled receptor does not require the presence of a full-length receptor protein (Schoneberg et al, 1995) . A truncated form of 5-HT, receptor produced by alternative splicing did not bind to its ligands, although it was expressed on the cell membrane (Canton et al, 1996) . We suggest that the truncated ETA receptor will still target the membrane with five transmembrane domains, two extracellular and two intracellular loops, but different conformation of the receptor may make it lose its binding affinity for its ligand ET-1 and it may bind to some other ligand and play a different role from wild type ETA. It may also interact with wild type ETA/ETB receptors or other proteinsreceptors for ETs or other cytokines to modulate their functions, or it may regulate signal transduction pathways.
An altemative outcome, although less likely, is that the truncated ETA may remain in the cytoplasm as a result of the protein's conformational change and, thus, fulfil a new function. Examples of cytoplasmic truncated forms of membrane receptors have been found in other receptor families (Faure et al, 1996) .
In conclusion, a truncated human ETA receptor with exons 3 and 4 skipped because of alternative pre-mRNA splicing has been found in a variety of tissues, and the truncated tanscript is the dominant ETA receptor mRNA in melanoma cell lines and melanomas. The absence of the correspondingly encoded amino acid region results in the loss of affinity for its ligand, ET-l. Further studies will be needed to investigate its subcellular location and its roles in cell growth.
